INTRODUCTION
============

The prevalence of asthma and obesity has increased substantially during the last several decades in many countries. In the Republic of Korea (ROK), the prevalence of childhood obesity (5.4% in 1998 to 11.3% in 2001) and asthma (2.7% in 1995 to 5.3% in 2000) also have increased ([@B1]-[@B3]). Due to their increased prevalence, both obesity and asthma were recognized as a major public health issue in the ROK. Many epidemiologic studies have shown an association between obesity and asthma in both adults and children ([@B4]-[@B6]). However, obesity-asthma link or the underlying mechanism remains still controversial ([@B5]).

In the ROK, few studies have investigated the association between childhood obesity and asthma or asthma symptoms ([@B1], [@B7], [@B8]): these studies had several limitations in study design and analysis because most were hospital-based, case-control studies with small sample sizes. Furthermore, in cross-sectional studies, the contextual effect of residential areas was not considered in the sampling method and analysis. Since both lifestyle and indoor or outdoor environment associated with a residential area may also confound any association between obesity and asthma ([@B9], [@B10]), factors associated with the residential area must be considered in the study design and analysis.

In the present study, we investigated the association between childhood obesity based on body mass index (BMI) and self reported asthma symptoms among elementary school children (mostly 8-11 yr old) using nation-wide cross-sectional data that includes characteristics of residential areas in the ROK.

MATERIALS AND METHODS
=====================

Study design and subjects
-------------------------

Data on the geographic location and number of students of all elementary schools (6,279 schools) in 2006 were acquired from the Ministry of Education, Science and Technology (MEST) of the ROK. To obtain a representative population from elementary schools in each residential area, a clustered random sampling method was used. Residential areas were divided into four groups: metropolitan, provincial, rural, and industrial areas. Ten percent of elementary schools in each group, of which the number in a class was over three, were randomly selected, with the exception of schools in industrial area. Details of the study design have been described previously ([@B3]). In each elementary school, one class from each grade (from grades 3 to 5; 8-11 yr old) was randomly selected.

Letters of invitation, informed consent requests, and questionnaires were mailed to the selected elementary schools from October through November 2006. Parents or caregivers of the children were asked to complete the questionnaire. Among 50,200 participants from 427 elementary schools, a total of 31,026 (61.8%) students from 363 (85.0%) elementary schools responded to the mailing survey.

Questionnaire
-------------

In this study, the Korean version of the International Study of Asthma and Allergies in Childhood (ISAAC) written questionnaire (WQ) for asthma following the guidelines suggested by ISAAC was used. Detailed characteristics of the Korean version of the ISAAC WQ have been reported previously ([@B1], [@B7]). ISAAC WQ was validated and used to identify the children currently suffering from the symptoms of asthma. In this study, prevalence of wheeze is defined as a history of at least 1 attack of wheezing during the last 12 months. The questionnaire included questions on demography (age, gender, height, and weight), monthly electricity bill (as a proxy indicator of socio-economic status), environmental tobacco smoking (ETS) exposure, and potential allergens (pets at home, presence of visible mold or moisture) including experiences over one\'s lifetime and in the last 12 months. Questions on living environments such as residential area, history of moving to new house, and construction year of the residence also were included.

Statistics
----------

If there were missing or outlier values in informed consent or crucial items such as age ( ≤ 5 or ≥ 15 yr), gender, height, weight, and answers for symptom questions, those questionnaires were excluded from the analysis. The final number of students included in the analysis was 25,322 (10,555 boys and 14,767 girls). Survey weights for respondents were constructed beginning with reciprocals of inclusion probabilities for differential probabilities of selection and non-response.

BMI was calculated by self-reported height and weight, and classified into four groups ( ≤ 25 percentile, 26-50 percentile, 51-75 percentile, and \> 75 percentile) based on BMI-for-age percentiles of Korean growth charts that were developed based on data from national growth surveys for children and adolescents (27,403 boys and 25,657 girls) in 1998 and 2005 ([@B11]). In this study, we evaluated the association between demographic or environmental characteristics and wheeze using a two-stage hierarchical model because of the possibility of a contextual effect of residential area on the risk of wheeze. In the first stage, univariate or multiple logistic regression analysis was conducted to investigate any independent association between potential confounders and wheeze in each residential area. In the second stage, to combine residential area-specific estimates, multilevel logistic regression analysis using the GLIMMIX procedure (SAS version 9.2, SAS Institute Inc, Cary, NC, USA) was used; the usual two-level random-intercept model, with factors associated with demographics or living environment as level-1 units and with residential areas as level-2 units were used. All analyses were conducted separately by gender.

Ethics statement
----------------

This study was approved by the institutional review board (IRB) of Yonsei University Health System (approval number: 4-2007-0083). Informed consent was obtained from all parents and students.

RESULTS
=======

General characteristics
-----------------------

Among 25,322 students, 4.9% (6.0% in boys and 4.1% in girls) reported having wheeze symptoms in the last 12 months. In univariate logistic regression analysis, demographic characteristics such as age, birth weight, BMI, prematurity, and physician-diagnosed disease were significantly associated with the prevalence of wheeze among boys ([Table 1](#T1){ref-type="table"}). In girls, all variables with the exception of age and birth weight were significantly associated with the prevalence of wheeze. In both boys and girls, the lowest BMI ( ≤ 25 percentile) was negatively associated with the prevalence of wheeze compared with the 26-50 percentile, and the 51-75 percentile. Conversely, the highest BMI ( \> 75 percentile) was positively associated with the prevalence of wheeze.

[Table 2](#T2){ref-type="table"} shows the association between living environments and the prevalence of wheeze. Factors such as ETS exposure, history of moving to new house, presence of visible mold and moisture, pets at home, and construction year of the residence (10-19 or ≥ 20 vs 3-4 yr) were positively associated with the prevalence of wheeze in both boys and girls. The prevalence of wheeze was significantly higher in industrial area compared with provincial area among girls but not among boys. The prevalence of wheeze was significantly lower in rural area compared with provincial area among boys.

Effect of BMI and birth weight
------------------------------

In multivariate logistic regression analysis after stratification of the respondents by residential areas ([Table 3](#T3){ref-type="table"}), birth weight was negatively associated with the prevalence of wheeze across all residential areas among boys. In metropolitan area, the lowest BMI ( ≤ 25 percentile) was negatively associated with the prevalence of wheeze compared with the 26-50 percentile, and the 51-75 percentile and the highest BMI ( \> 75 percentile) was positively associated. Another area has partially significant association between the prevalence of wheeze and BMI.

In girls, the prevalence of wheeze was negatively associated with lowest BMI in all residential areas ([Table 4](#T4){ref-type="table"}). However, the association between the prevalence of wheeze and highest BMI was positively in all residential areas.

In multilevel logistic regression analysis, birth weight was negatively associated with the prevalence of wheeze and the risk ratio of the prevalence of wheeze has significantly increased from the lowest to highest BMI among boys ([Table 3](#T3){ref-type="table"}) and girls ([Table 4](#T4){ref-type="table"}).

Effect of other environmental factors
-------------------------------------

For boys, the prevalence of wheeze among boys was positively associated with pets at home and visible mold or moisture in multivariate logistic regression analysis ([Table 3](#T3){ref-type="table"}). The association between the prevalence of wheeze and age, ETS exposure, moving to new house, and electricity bill was different among residential areas. In multilevel logistic regression analysis, ETS exposure, pets at home, visible mold or moisture, and moving to new house were positively associated with the prevalence of wheeze among boys.

In girls, the association between the prevalence of wheeze and pets at home, and presence of visible mold and moisture was positively in all residential areas ([Table 4](#T4){ref-type="table"}). The association between potential confounding factors such as ETS exposure, moving to new house, construction year of the residence, and electricity bill and the prevalence of wheeze was not consistent across residential areas. In multilevel logistic regression analysis, the prevalence of wheeze was positively associated with ETS exposure, pets at home, visible mold or moisture, and construction year of the residence, whereas, age, birth weight, and middle electricity bill were negatively associated with the prevalence of wheeze.

DISCUSSION
==========

In the present study, we used a two-stage hierarchical model to control contextual effect of residential areas, and observed a significant association between the prevalence of wheeze and BMI and living environmental factors such as ETS exposure, pets at home, and presence of visible mold or moisture among elementary school children. The association was evident in the highest BMI percentile group, and stronger in girls. In the ROK, two cross-sectional studies were conducted to investigate the prevalence of asthma and other allergic diseases in 1995 and 2000. Although limitations on the data analysis exist, they also showed the association between increased prevalence of wheeze and BMI in the 2000 but not in the 1995 survey ([@B1]). These results suggest that BMI has become a triggering factor for asthma symptoms in Korean children, which is consistent with previous studies conducted in western countries ([@B12], [@B13]). Many studies have proposed the potential underlying mechanisms for the relationship between obesity and asthma symptoms; systemic inflammation ([@B14], [@B15]), airway hyper-responsiveness ([@B16]), common genetic pathways ([@B17]), changes in diet and physical activity, and mechanical factors: gastro-esophageal reflux, obstructive sleep apnea, and reduced lung volumes. However, some studies failed to show an association, while others showed as association in one gender ([@B18], [@B19]). Due to issues in the measurement of obesity in children and many potential confounding factors such as environment, allergens, and genotypes, large prospective birth cohort studies will be required to identify temporal relationships between obesity and asthma or asthma symptoms and plausible mechanisms to explain this relationship. The lowest BMI and birth weight were associated with the decreased prevalence of wheeze in the present study. Although results regarding birth weight are still contradictory ([@B20]), epidemiologic studies consistently have suggested a positive relationship between these factors and development of asthma among children ([@B21]).

We classified in quartiles of BMI-for-age percentiles of Korean growth charts. Similar results were obtained when BMI were classified into underweight ( \< 5th percentile), normal ( ≥ 5th and \< 85th percentile), overweight ( ≥ 85th and \< 95th percentile), obese ( ≥ 95th percentile). In multilevel logistic regression analysis, odds ratio (OR) underweight, overweight and obese on prevalence of wheeze among boys were 0.93 (95% confidence interval \[CI\], 0.82-1.06), 1.43 (95% CI, 1.32-1.54) and 1.46 (95% CI, 1.30-1.63), respectively. Among girls, higher BMI was also significantly associated with higher prevalence of wheeze; OR of underweight, 0.89 (95% CI, 0.79-0.99); OR of overweight, 1.40 (95% CI, 1.29-1.53); OR of obese, 1.86 (95% CI, 1.65-2.10).

In the present study, poor living environments such as ETS exposure, pets at home, presence of visible mold or moisture, history of moving to new house, and construction year of the residence ( ≥ 20 vs 3-4 yr) were associated with an increase in the prevalence of wheeze among both boys and girls in multilevel logistic regression analysis. ETS and mold are known to be strong allergens and the possibility of the presence of mold, moisture and other allergens such as endotoxin, house dust mites, and microorganisms is high in older houses. Therefore, these factors might play a role in an increase in the prevalence of wheeze, particularly among children. Moving to new house and residing in a newly constructed house, especially at an early age, may also increase the risk of developing asthma or asthma symptoms due to exposure to new allergens such as volatile organic compounds, particulate matter, sulfur dioxide, and nitrogen species ([@B22]). However, across residential areas, these associations were not consistent with the exception of pets at home and presence of visible mold or moisture.

Compared with other residential areas, moving to new house was negatively associated with the prevalence of asthma symptoms in rural area; in provincial area, construction year of the residence (old vs new house) also were negatively associated with the prevalence of wheeze among boys and ETS exposure was negatively associated among girls; in industrial area, construction year of the residence (old vs new house) also were negatively associated with the prevalence of wheeze among girls only. Although the possibility of a reverse association might exist due to the cross-sectional nature of our study, we think that risk factors associated with residential areas such as sedentary life style, exposure to microbes, food intake, car transportation, and exposure to indoor or outdoor air pollution also might affect study results because early-life exposures may interact with genotype and response to environmental factors ([@B23]). Previous studies have shown the protective effect of exposure to livestock or poultry, stables, allergens, and endotoxin in rural areas against the development of asthma and allergies, which was different from those observed in urban areas ([@B24]).

Contrary to the results in boys, the prevalence of wheeze among girls was positively associated with construction year of the residence ( ≤ 2 vs 3-4 yr) as determined by multilevel logistic regression analysis. Across residential areas, the association between potential confounding factors and the prevalence of wheeze was not consistent with the exception of highest BMI, pets at home and presence of visible mold or moisture, and differed from those observed among boys. It was difficult to interpret these findings because of study limitations. However, one possible explanation is that because the prevalence of asthma or asthma symptoms in childhood is more common in boys with a switch to increased prevalence in girls by adolescence ([@B25]), the association between risk factors and asthma symptoms among girls might not have been appropriately explored. Gender differences on these issues are not fully understood, and further investigations are still needed.

This study has some important limitations. First, BMI was calculated based on reported height and weight. We cannot exclude the possibility of measurement error. Since elementary students measure anthropometry once a year at school, they know relatively accurate their height and weight. Although previous studies have suggested that BMI calculated from self-reported height and weight may be a valid indicator of obesity ([@B26]), self-reported data may underestimate the true prevalence of obesity and vice versa. Because self-reported heights are higher than measured heights and self-reported weights are smaller ([@B27]), the misclassification of BMI is non-differential. Thus, our results are biased toward the null and underestimate the true effect. Second, the prevalence of asthma symptoms might not be accurately estimated. In this study, we used the Korean version of the ISAAC WQ to investigate the prevalence of asthma symptoms. However, results from the ISAAC study showed that both WQ and a video questionnaire (AVQ) should be used in order to better define asthma in a population survey, regardless of translation or interpretation problems ([@B28]). A previous cross-sectional study conducted in Korea also showed that the prevalence of asthma symptoms was generally high using the WQ compared to AVQ ([@B1]). Although like other epidemiologic studies, ISAAC WQ was used in this study. Thus, the prevalence of asthma symptoms might be overestimated. Third, non-response bias might have occurred due to a relatively low response rate. In this study, the overall response rate was 61.8%, which was the marginal response rate recommended by the ISAAC protocol (over 60%-70% in children). However, among respondents, only 81.6% were included in the analysis due to outlier or missing values in major independent variables such as age, gender, height, and weight. Although we used a weighting adjustment to compensate for survey non-response, weighting adjustment for non-response cannot compensate for bias that is attributable to differences in the underlying population means or frequencies for respondents and non-respondents. To acquire an unbiased estimate of risk ratio, further investigations considering an increase in response rate and acquisition of the information on the characteristics of non-respondents are needed. Finally, we used self-reported questionnaire data. A recent study showed that BMI does not represent the fat distribution in children ([@B29]). Although it is an indirect measurement of body fat, it is thought to be a valid proxy for fat mass in children because of its strong association with total body fat. BMI is easily calculated and convenient to use in large-scale epidemiological studies ([@B30]). Moreover, we estimated the environmental factors by questionnaire in the current study. Therefore, further studies involving more detailed data on the clinical characteristics of asthma and potential confounding factors such as socioeconomic status, residential areas, and indoor or outdoor environment also must be considered.

In conclusion, we observed that BMI has become an important factor for asthma or asthma symptoms among children in the ROK, and the associations between living environments and asthma symptoms were different between gender and among residential areas. Despite several limitations, our results suggest that a prevention strategy and implementation plan to reduce asthma or asthma symptoms should be considered according to differences between types of residential areas.
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The prevalence of asthma and obesity is increasing worldwidely, and their association has been suggested. We observed significantly association between highest BMI quartile and prevalence of wheeze in all residential areas using nation-wide cross-sectional data in Korea. Some living environment factors (ETS exposure, pets at home, visible mold or moisture, moving to new house, and construction year of the residence) were significantly associated with the prevalence of wheeze.
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